Objective: At least eight local duck breeds have been recognized and documented as national germplasm of Indonesia so far. It is necessary to genetically characterize the local duck breeds for aiding conservation and future improvement strategies. Thus, this study was carried out to assess genetic diversity and phylogenetic relationship of eight local duck populations of Indonesia using microsatellite markers. Methods: In total, 240 individuals (30 individuals each population) from Alabio (AL), Bayang (BY), Magelang (MG), Mojosari (MJ), Pegagan (PG), Pitalah (PT), Rambon (RM), and Turi (TR) duck populations were genotyped using 22 microsatellite markers. Results: The results showed a moderate level of genetic diversity among populations, with a total of 153 alleles detected over all loci and populations, ranging from 3 to 22 alleles per locus. Observed (Ho) and expected heterozygosity (He), as well as polymorphism information content over all loci and populations were 0.440, 0.566, and 0.513, respectively. Heterozygote deficiency in the overall populations (F IT = 0.237), was partly due to the heterozygote defi ciency within populations (F IS = 0.114) and moderate level of genetic differentiation among populations (F ST = 0.137). The most diverse population was MG (He = 0.545) and the least diverse population was AL (He = 0.368). The majority of populations were relatively in hete rozygote deficiency (except AL), due to inbreeding. The genetic distances, phylogenetic trees, and principal coordinates analysis concluded that the populations can be grouped into two major clusters, resulting AL, MG, and MJ in one cluster separated from the remaining popul ations.
INTRODUCTION
Attention and awareness to genetic conservation of locally developed livestock breeds have increased in recent years, evidenced by many studies concerning genetic diversity of the breeds. Conservation of genetic diversity plays an important role in sustaining the livestock breeds. Genetic diversity within a species similarly increases the probability of survival in a range of environments [1] and provides genetic materials for future breeding programmes as well as important materials from a scientific point of view. Reducing the genetic diversity of a species means losing not only genetic 'wealth' , but also reducing the possibility of the species to adapt to harsh environmental conditions and disease outbreaks [2] .
In Indonesia, a number of local duck breeds, namely Alabio (AL), Bayang (BY), Magelang (MG), Mojosari (MJ), Pegagan (PG), Pitalah (PT), Rambon (RM), and Turi (TR) were included as important assets by the Indonesian Ministry of Agriculture, and play an important role in a socioeconomic aspect as they provide livelihood to smallholders as well as food for humans. Ducks are reared by breeders for egg production and the culled ducks used for meat production. These local ducks are known for their high fitness levels under harsh conditions and ability to survive with coarse and alternative fodder. Because of these important roles, to evaluating and monitoring the genetic diversity status and phylogenetic relationship of these local breeds is highly recom mended. Comprehensive knowledge of the existing genetic variability is the first step for the conservation and utilization of domestic animal biodiversity [3, 4] . Conservation of local duck breeds should rely upon several sources of information, including the degree of endangerment, adaptation to a specific environment, traits of economic importance, and cultural or historical value of the breeds [5] , molecular characterization may provide as an important initial guide. Recent advances in molecular technology allow us to assess genetic diversity of livestock breeds at DNA level. Microsatellites or simple sequence repeats are recently the most favoured molecular markers for population analysis, owing to the high variability, ease, and accuracy of assaying microsatellites [6] . They may prove particularly valuable for population discrimi nation and genotype identification [7] due to the high level of polymorphism compared with conventional allozyme markers [8, 9] . So far, employing microsatellite markers to assess ducks genetic diversity has been established by many studies [1013] and the reported results provided clear evidence of the use fulness of microsatellites for genetic diversity studies. Using microsatellites in our samples of Indonesian local duck pop ulations also allow comparison with published studies of local duck breeds from other countries.
In Indonesia, the use of molecular markers for assessing genetic diversity in several local duck breeds has been previ ously reported, including AL using 7 microsatellites [14] , BY using 2 microsatellites [15] and MG using single nucleotide polymorphism (SNP) [16] . In the current study, we attempt to use 22 microsatellite markers in determining the genetic diversity and phylogenetic relationship of eight local duck populations of Indonesia. The results may prove to be valu able for the future breeding programs and conservation of the local duck breeds.
MATERIALS AND METHODS

Sample collection and DNA extraction
In total, 240 animals representing eight local duck populations in Indonesia (30 animals per population) were sampled from six provinces (Figure 1 ). The eight duck populations were AL and MJ from Pelaihari, South Kalimantan; BY and PT from West Sumatera, MG from Central Java; PG from South Su matera; RM from West Java; and TR from Special Region of Yogyakarta (DIY). The blood samples were obtained from the ulnar vein using vacutainer tubes with K2ethylenediamine tetraacetic acid anticoagulant. Genomic DNA was extracted from these blood samples using gSYNC DNA Extraction Kit (Geneaid, New Taipei City, Taiwan) following the manufacturer' s instructions and stored at -20°C before doing polymerase chain reaction (PCR) amplification. Extracted DNA samples were checked for quality and concentration by electrophoresis on 1% agarose gel, as well as by a spectrophotometer using the NanoDrop 2000C (Thermo Scientific, Waltham, MA, USA). 
Microsatellites amplification and genotyping
Twentytwo microsatellite markers distributed in 6 linkage groups and chromosomes (Table 1) were chosen based on their genomic location and their degree of polymorphism. Primer forward from each pair was modified using capil larybased dye (FAM, VIC, NED, and PET). The PCR was performed in a 20 μL volume containing 2 μL of 10 ng/μL of duck genomic DNA, 2× multi HS Prime Taq Premix (GeNet Bio, Daejeon, Korea), 8 pmol of each forward and reverse primer (Applied Biosystems, Foster City, CA, USA), and dis tilled water. PCR was carried out under following conditions: initial denaturation for 10 min at 95°C, followed by 38 cycles of 30 s of denaturation at 95°C, 30 s of annealing at 60°C, 30 s of extension at 72°C, and final extension for 10 min at 72°C using BIORAD T100 Thermal Cycler. The amplified DNA was then genotyped using Genetic Analyzer 3730xl (Applied Biosystems, USA), with genotyping reaction containing 1 μL of diluted PCR products, 10 μL of HiDi Formamide (Applied Biosystems, USA), and 0.1 μL of GeneScan500 LIZ size stan dard marker (Applied Biosystems, USA). The GeneMapper ver.3.7 (Applied Biosystems, USA) was used for genotype identification.
Statistical analysis
The genetic diversity among populations was determined by these indicators: number of alleles (Na), observed heterozy gosity (Ho), expected heterozygosity (He), and polymorphism information content (PIC) which were estimated using Cervus ver.3.0 program [17] , and Fstatistics, including inbreeding coefficient of an individual relative to the subpopulations (F IS ), inbreeding coefficient of an individual relative to the total population (F IT ), and genetic differentiation index between population (F ST ) which were calculated using GenAlex ver. 6.501 [18] . The software was also employed to determine ge netic diversity within each population (Na, Ho, He, and F IS ). For phylogenetic relationship analysis, GenAlex software was used to perform pairwise population matrices based on either F ST or Nei' s genetic distance and to construct principal coordi nates analysis (PcoA). The resulted pairwise population matrices were then used to construct phylogenetic trees using MEGA software ver. 7.0.14 [19] .
RESULTS
Genetic diversity and differentiation analysis
Genetic diversity indicators are summarized in Table 1 and Table  2 for among and within duck populations studied, respectively. In total, 153 alleles were detected at these 22 loci in 240 indi Table 1 ). The average value of F ST indicated that about 13.70% of total genetic variation corresponded to differences between populations, while 86.30% was explained by differ ences between individuals.
Generally, within each population, relatively low to mod erate genetic diversity was observed, depicted by range values of Na, Ho, and He of 3.136 to 4.864, 0.371 to 0.488, and 0.368 to 0.545, respectively. All of the duck populations, except AL, showed a deficiency of heterozygosity, indicated by positive F IS values, ranging from 0.037 to 0.171.
Phylogenetic relationship analysis
The pairwise F ST value and Nei's genetic distance across eight duck populations are shown in Table 3 . The genetic distances were the shortest between RM and TR (0.021) and between BY and PG (0.051), while the least genetic relationship was between AL and PT (0.155) and between MJ and PT (0.367), based on F ST value and Nei's genetic distances, respectively. The matrix of F ST value and Nei' s genetic distances was further used to construct neighborjoining (NJ) trees (Figure 2) .
The resulted NJ trees revealed relatively similar results using both matrices. Two main clusters were formed, with AL, MJ, and MG duck populations in one cluster, whereas others joined together in a different cluster. Such clustering of the duck populations into two main clusters clearly indicated that some populations originated from different provinces and or islands. A PcoA is also presented using allele frequencies of 22 loci to summarize population relationships ( Figure 3 ). The first, second and third components accounted for 54.20%, 18.83%, and 9.83%, respectively to the total of genetic vari ability. AL and two populations (MG and MJ) were clearly separated into different single quadrate that differs from other populations (PcoA axis 1 and 2). In the PcoA axis 1 and 3, BY, PG, and RM formed one group that was near to TR, but still generally separated from AL, MJ, and MG populations.
DISCUSSION
Genetic diversity analysis
In this study, all microsatellite loci were found to be polymor phic. The average number of alleles in this study (Na = 6.96) were lower than the findings of the other studies using same microsatellite markers in Asian duck populations, with num ber of alleles of 9.38 [12] and 11.5 [13] . Using three same loci (CAUD011, CAUD035, and CAUD066), nine to fiveteen al leles per locus were also observed by Liu et al [10] in Chinese indigenous duck breeds. Furthermore, five alleles were detected at APH24 locus in this study. Other genetic diversity indica tors, however, showed values close to zero for Ho (0.026), He (0.079), and PIC (0.077). There was no detected alleles at APH24, as reported by Ismoyowati and Purwantini [14] in Indonesian duck populations (AL and Bali). The results sug gest that genetic diversity of Indonesian local ducks is lower than other Asian duck populations.
To test the informativeness of observed loci, we measured PIC, with the resulting average value of 0.513. For animal traceability, PIC>0.5 and He>0.6 are the most reasonable informative loci for application of genetics [20] . From 22 loci, twelve loci (PIC>0.5) were included as highly informative loci and were appropriate for assesing genetic diversity and pop ulation discrimination.
Based on the average value of expected heterozygosity (0.566), a moderate level of genetic diversity among populations stud ied was obtained. In addition, heterozygote deficiency was detected, which was depicted by the lower average value of observed compared to expected heterozygosity, as well as the positive average value of F IS . Such phenomenon can be explained by various factors such as nonrandom mating, unamplified alleles ("null" alleles) and subdivision in popu lations studied (Wahlund's effects). The studied populations revealed a moderate genetic differentiation among eight popu lations (F ST = 0.137). The results showed that genetic diversity maintained within duck populations was higher than the one preserved among duck populations. This genetic diversity could be a valuable tool for implementing future genetic improve ment and conservation of duck populations in Indonesia.
The genetic diversity indicators within eight duck popula tions are also summarized in Table 2 . The mean number of alleles observed over a range of loci in different populations is considered to be a reasonable indicator of genetic variation within the populations [21] . The mean number of alleles was lowest (3.136) in the AL duck populations, as well as the values of Ho (0.371) and He (0.368). In contrast, RM and TR duck populations were highest for the mean number of alleles while MG duck population showed highest genetic diversity com pared to the others (He = 0.545). Observed heterozygosity was lower than expected heterozygosity in all populations, except AL duck population. This was also evidenced by positive values of F IS in the seven populations, showing a departure from HardyWeinberg equilibrium. The disequilibrium was mainly caused by heterozygote deficiencies, as a result from the existence of inbreeding and or Wahlund effect (population substructure). Since the blood samples were collected from the same flock for each population, the existence of Wahlund effect may be ruled out. The reasonable cause of heterozygote deficiency is the presence of inbreeding. AL and MJ duck pop ulations were reared under a intensive production system, established by livestock breeding center, while the remaining populations were reared under semiintensive production sys tems by breeders in villages. Furthermore, after interviewing these breeders, it appears that often there is no pedigree record kept of the animals in semiintensive production systems and mating between genetically related animals can occur. Un planned and unsystematic breeding strategies may lead to the lack of sufficient number of breeding males in the breeding population. Mating between animals with similiar phenotypes also occured as the villagers believed mating between ducks with a certain feather colour produced offspring with higher egg production and thus, a panmixic population is unlikely to occur.
Phylogenetic relationship analysis
Genetic distance indicators of F ST values and Nei' s [22] genetic distances revealed a genetic relationship among eight duck populations. In general, relatively similar results were obtained from both indicators. Unsurprisingly, the greatest genetic dis tances were between MJ and PT and between AL and PT duck populations, based either F ST values or Nei's genetic distance. PT duck population was sampled from a highlandisolated area, while the two AL and MJ duck populations were sampled from same livestock breeding center (BPTUHPT Pelaihari) with a controlled breeding system. Projection of population relationships by constructing NJ trees based on the two in dicators clearly separated the analyzed populations into two clusters. The clustering pattern was further supported by PcoA analysis. MG and MJ duck populations were consistently grouped in one cluster that was closer to the AL duck popu lation compared to the remaining populations. One interesting result was that RM and TR duck populations (originated from Java island) also tended to join together and clustered with BY, PG, and PT duck populations (originated from Sumatera island) in both NJ trees. In the past, many migrants from Java island moved to Sumatera island and other larger islands in Indonesia to get more land for agriculture. Therefore, it is possi ble for BY, PG, PT, RM, and TR duck populations to share common ancestors when the migrants brought the ducks with them to the new region. The study highlighted that geograhic distance is not always a predictor of phylogenetic relationship. However, to get better understanding of phylogenetic among populations, it is important to combine information on the basis of phenotypic and molecular genetic characterization, as well as geographic and historical information of the analyzed populations.
In conclusion, the results of this study demonstrate mo derate level of genetic diversity and differentiation among populations, but low to moderate level of genetic diversity within populations. Preventing loss of further alleles with low genetic diversity in populations studied should be considered by implementing effective breeding strategies to reduce in breeding and increase heterozygosity. Also, the two major phylogenetic clusters clearly showed the genetic relationship of the duck populations. Finally, we highlighted the usefulness of these microsatellite markers to evaluate genetic diversity and phylogenetic relationship in local duck populations of Indo nesia. The results indicate the risk status and threats to the duck populations and are useful for designing conservation plans and developing future genetic improvement.
